New photometric follow-up observations of transitting 'hot Jupiters' TrES-3b and Qatar-1b are presented. Weighted mean values of the solutions of light curves in R-filter for both planetary systems are reported and compared with the previous results. The transit light curves were analysed using the winfitter code. The physical properties of the planets were estimated. The planet radii are found to be R p = 1.381 ± 0.033R J for TrES-3b and R p = 1.142 ± 0.025R J for Qatar-1b. Transit times and their uncertainties were also determined and a new linear ephemeris was computed for both systems. Analysis of transit times showed that a significant signal could not be determined for TrES-3b, while weak evidence was found for Qatar-1b, which might be tested using more precise future transit times.
Introduction
The transit technique is one of the most powerful and effective methods for discovering exoplanets. The number of transiting exoplanets discovered has been increasing rapidly and has now exceeded one thousand 1 . Many of them are close-in gas giant planets also known as hot Jupiters. The basic astrophysical parameters of the exoplanets detected by this technique, and those of their host stars, can be derived with higher precision than those of exoplanets discovered by other methods (e.g. Southworth, 2008; Torres et al., 2008; Southworth, 2012; Ciceri et al., 2015) . The data quality is important in this respect. The photometric data collected by the Kepler and CoRoT satellites has allowed us to discover many extrasolar planets and to derive the parameters of planet-star systems, precisely. In addition to space missions, ground-based photometric surveys keeping eyes on whole sky, play very important role in discovering new hot Jupiters. Follow up observations by the ground-based telescopes are publishing in the online database Exoplanet Transit Database (ETD) by many observers (Poddaný et al., 2010) . This cumulated data make searching for additional planets in a system possible by using transit-timing variations (TTV) . In this study, we focus on follow-up photometric transit observations and their analysis for hot Jupiters TrES-3b and Qatar-1b.
The TrES-3b system, discovered by O'Donovan et al. (2007) , consists of a slightly metalpoor G-type star with a mass of 0.9M and a hot Jupiter with an orbital period of 1.3 days. In their study, analysis of both photometric and radial velocity data was presented. The planet-star system, exhibiting a v-shape transit light curve, has interested many researchers (e.g. Gibson et al., 2009; Sozzetti et al., 2009; Colón et al., 2010; Southworth, 2011; Kundurthy et al., 2013; Vaňko et al., 2013) . Sozzetti et al. (2009) re-determined the stellar parameters which are listed in Table 1 and stated that the precision and accuracy of basic planet properties may vary according to the methodologies used for analysis, as discussed by Torres et al. (2008) ; Rhodes and Budding (2014) . Fressin et al. (2010) revealed that the orbit of TrES-3b is circular and ruled out tidal heating from the ongoing orbital circularization as an explanation for the inflated radius of TrES-3b. In order to search for additional planets in the system, transit timing variations based on follow-up observations were investigated in several studies (e.g. Sozzetti et al., 2009; Christiansen et al., 2011; Kundurthy et al., 2013; Vaňko et al., 2013) . However, these authors could not find clear proof of the presence of a second planet in the system so far.
Qatar-1b has a mass of 1.09M J . It was discovered by Alsubai et al. (2011) . The planet is revolving around its parent star in a circular orbit with a period of 1.4 days. The host star is a slightly metal-rich K-type star with a mass of 0.85M . Its main properties are given in Table 1 . Later, photometric observations and their analysis were reported by several authors (e.g. Maciejewski et al., 2015; Mislis et al., 2015; Collins et al., 2015) . Covino et al. (2013) improved the orbital parameters and mentioned that the host star is moderately magnetodynamically active. A sinusoidal variation in the long-term light curves due to possible magnetic activity on the surface of the parent star was calculated by Mislis et al. (2015) . First TTV analysis presented by von Essen et al. (2013) and they indicated a significant signal with a period of ∼ 190 days. However more recently, Maciejewski et al. (2015) and Collins et al. (2015) could not find evidence of an additional planet in the Qatar1b system based on TTV analysis.
The main physical properties of the host star of TrES-3b and Qatar-1b are listed in Table 1 . In this study, we present new transit light curves and their investigation for the exoplanets TrES-3b and Qatar-1b. Observations and reduction methods are given in Section 2. After showing parameter details emerging from the modelling, results of the solutions are reported in Section 3. The physical properties of the star-planet systems are then presented (Sect. 4), while updated ephemerides and TTV analysis are considered in Section 5. The final section summarizes and discusses the results for these hot Jupiters in particular, in the context of our general picture of hot Jupiter systems. 
Observations and Data Reduction
Our observations were made by three different-sized telescopes and camera configurations. The 122-cm Nasymth telescope (T122) and 60-cm German-Equatorial telescope (T60) are installed at Ç anakkale Onsekiz Mart University Observatory (Ç OMUO) in Turkey. Ç OMUO has a 2048 × 2048 pixel Apogee Alta U42 CCD (AP42) camera and a 1024 × 1024 pixel SBIG STL 1001E CCD (STL1001E) camera which had been attached to the both telescopes various times. The other telescope (T100) used in the observations is installed at TÜBİTAK National Observatory (TUG) in Antalya, Turkey. It has a primary mirror with 100-cm aperture size and is equipped with a SI 1100 CCD camera. Fields of view and pixel sizes of all telescopes and CCD cameras are listed in Table 2 . Photometric data of TrES-3b transits were taken on six nights at T122, five nights at T100 and one night at T60, while those of Qatar-1b were obtained four nights each telescope. During the observations, Network Time Protocol (NTP) was used for time synchronization every minute. T100 has miliseconds accuracy in exposure time; however T122 and T60 have accuracies in seconds. Exposure times, CCD binning options and filters are given in Table 3 . Depending on weather conditions, many observations were also carried out using the defocusing method. Raw images were corrected with at least 10 biases, darks and flat images. Photometry was performed by the daophot package of iraf 2 . We tried out different size apertures and ensured many comparison stars inside the CCD frame. The reduction process was completed using less scattered comparisons for both TrES-3b and Qatar-1b. Julian Date (JD UTC ) was converted to Barycentric Julian Date (BJD TDB ) (Eastman et al., 2010) . 
Method
In order to determine the physical and geometrical parameters of TrES-3b and Qatar-1b and their host stars, the winfitter program, which is basically adopted from the fitter code, was used. fitter was originally developed by Budding and Najim (1980) and refined by Budding and Zeilik (1987) . The latest user-friendly design of the program with additional features was presented by Rhodes and Budding (2014) 3 . winfitter performs fitting optimization by means of a modified Marquardt-Levenberg application to analyse the light curves of eclipsing objects. The main physical parameters of the objects, namely, the masses (M and M p ), radii (R and R p ) and luminosities (L and L p ) plus orbital parameters: period (P ), orbital inclination (i) and eccentricity (e), are used in the fitting process via a χ 2 -minimization computational algorithm. In the code, correlated errors are calculated from the diagonal of the inverted Hessian matrix. The fitter code is based on the Radau model approach given by Kopal (1959) . This approach gives tidal and rotational distortions (ellipticity), together with radiative interactions (reflection), of massive and relatively close gravitating bodies.
We followed same analysing procedure for all transit light curves of TrES-3b and Qatar-1b. During the analysis, the phase correction (∆φ 0 ), reference light level (U ), orbital inclination (i), ratio of radii (k = R p /R ) and fractional radius of the host star (r 1 = R /a where a is semi-major axis of the orbit) were taken as free parameters. We presented some of the calculated parameters, r 2 = R p /a and total transit duration T 14 together with literature values in the Table 4 . The fractional value of the secondary light contribution was set to zero under the assumption that the night side luminosity of the planet is essentially zero. The orbit was also assumed circular. We used the Claret and Bloemen (2011) tables to calculate the linear limb darkening coefficients: u TrES-3 (R) = 0.567 and u Qatar-1 (R) = 0.668. All transit curves were detrended by fitting a straight line to the out-of-transit data before analysing them in winfitter. Then, we calculated the standard deviation value (σ 0 ) of this fit. In addition to σ 0 , in order to reveal systematic effects (red noise) on the transit curves, the time-averaged detrending method, given by Winn et al. (2008) , was used. As reported by Petrucci et al. (2015) , the red noise factor is defined as β = σ r /σ N , where σ r is the standard deviation of binned residuals over N points. We selected the N numbers which represent M counts that were closer values to the division of the observation total duration by ingress/egress duration. Therefore, σ N is the expected deviation, as given by Eq. 1:
Finally, the median of calculated β values was used to scale σ 0 values to σ s , which defines the final adopted data error, including underestimated noise (see Table 3 ).
Solutions
We collected 12 transit light curves for TrES-3b in the R-filter. The red noise factors for the data taken on 3 June 2012 and 2 July 2014, are β = 3.2 and 2.1, respectively. Therefore, these two transit light curves were eliminated from the final weighted average values. The resulting parameters were obtained from winfitter, together with their errors, are listed in Table 4 , including comparisons with previous studies. Theoretical curves and their agreement with observational data can be seen in Fig. 1 . The TrES-3b transit model curves were found to be in the range, χ 2 red = 0.8−1.2 over our first estimated error, σ 0 . Hence, we cannot say definitely that there may be additional physical effects, such as maculation, i.e. spots on the surface of the host star. The ratio of percentage change of r 1 is 15%, from 0.15 to 0.18; for k is 21%, and for i is 1%, when errors are excluded.
We obtained 12 transit light curves in the R-filter for Qatar-1b. The light curve observed on 20th November 2015 was not used in the analysis since it had large scatter, σ 0 = 4.4 However, the transit time was calculated for these data and evaluated for transit time analysis, as presented in Section 5. The highest red noise factor for the 11 light curves was 1.2. Weighted mean values of the resulting parameters are given in Table 5 together with errors, and also those presented in previous studies. Figure 2 shows the agreement between the theoretical curves and transit data for Qatar-1b. Since the our data scattering of Qatar-1b was lower than TrES-3b, fitting results were also derived inside a narrow parameter space which is mostly spread around 10% for individual parameters.
Lastly, the mean system geometries were constructed using binned data and a model calculated from the weighted mean values, as seen in Fig. 3 , for the star-planet systems TrES-3b and Qatar-1b. In order to check for limb darkening values, the binned transit light curves were solved taking limb darkening parameters as free. These were obtained as u TrES-3 = 0.62 ± 0.03 and u Qatar-1 = 0.67 ± 0.03. These results may be compared with the theoretical values of (u TrES-3 = 0.567 and u Qatar-1 = 0.668) by Claret and Bloemen (2011) .
Physical Properties
In order to determine the astrophysical parameters of the hot Jupiters, TrES-3b and Qatar-1b, the photometric results in Table 5 together with basic parameters given in Table 1 were used. The mass of planet and its host star in the Qatar-1 system were taken from Alsubai et al. (2011) while the mass values of TrES-3b and its host star were used as given by Sozzetti et al. (2009) and Torres et al. (2008) , respectively. We calculated the physical parameters of the stars (R , ρ , log g , T ef f ) and planets (R p , ρ p , log g p , T eq ) from the weighted mean values of all transit parameters. These results with standard errors are given in Table 6 . A comparison between the binned and combined transit data, and theoretical light curves were calculated from the weighted mean parameters listed in Tables 4 and 5 , can be seen in Fig. 3 for TrES-3b and Qatar-1b, respectively. Binning was done to 70 points for each transit curve. Transit geometries are also plotted with the corresponding curves (see upper parts of the Figures 3). References Alsubai et al. (2011) 0.1633 ± 0.0053 0.1454 ± 0.0015 83.47 ± 0.40 96.71 ± 1.11 von Essen et al. (2013) 0.1558 ± 0.0024 0.1435 ± 0.0008 84.52 ± 0.24 - Covino et al. (2013) 0.1601 ± 0.0025 0.1513 ± 0.0008 83.82 ± 0.25 97.63 ± 1.44 Mislis et al. (2015) 0.1640 ± 0.0030 0.1475 ± 0.0009 84.03 ± 0.16 - Maciejewski et al. (2015) 0.1582 ± 0.0017 0.1459 ± 0.0008 84.26 ± 0.17 98.50 ± 1.70 Collins et al. (2015) 0.1600 ± 0. TrES-3b Qatar-1b As a measure of gravitational focusing, the Safronov number (Θ) given by Hansen and Barman (2007) is
They proposed a classification for exoplanets using the values of the Safranov number. According to this designation, exoplanets with Θ ∼ 0.07 ± 0.01 were termed Class I, while those having Θ ∼ 0.04 ± 0.01 were Class II. While we calculated Θ TrES-3 b = 0.068 ± 0.003 for TrES-3b, meaning that it falls within the Class I group, Qatar-1b appears to be between Class I and Class II, with Θ Qatar-1b = 0.053 ± 0.002.
The equilibrium temperature was also estimated by the simplified equation given by Southworth (2010) :
where a is in same unit with stellar radius, R . The effective temperature of the host stars, T ef f were obtained from Torres et al. (2008) and Alsubai et al. (2011) for TrES-3b and Qatar-1b, respectively. Due to the similar-size orbit and almost identical R values, the ratio T eq /T ef f should be approximately the same for these two exoplanets. In order to illustrate this similarity, we plotted T ef f against T eq with the semi-major axis in stellar radii, a/R contour lines in Fig. 4 . As expected, both planets lie on the same a/R contour line.
Transit Ephemeris and Transit Timing Variations
The investigation of additional bodies or unseen components around binary stars is a common research area in stellar astrophysics. In particular, the O-C method based on eclipse times is frequently used for this purpose. The method is also preferred when searching for additional planets around star-planet systems. In the field of multi-planet research, very precise transit times at least in several tens seconds of accuracy are required since the expected amplitudes in the O-C diagrams are very low (e.g. Lithwick et al., 2012) . 
Qatar-1b
We used transit times for Qatar-1b was by combining our mid-transit times with data from von Essen et al. (2013) , Maciejewski et al. (2015) and ETD. The improved linear ephemeris obtained is as follows:
By applying linear least squares fits, a reduced χ 2 red = 4.5 was arrived at. The corresponding Lomb-Scargle periodogram shows a few strong peaks, but they are all under 5% significance level. The highest peak is seen at the frequency ν 1(Qatar-1b) = 0.0169 ± 0.0001 cycl P −1 , which corresponds to P ttv = 83.75 ± 0.48 days (see Fig. 6 ). We obtained a value of χ 2 red = 3.9 after applying a least squares sinusoidal fit to the O-C data with a derived amplitude of A ttv = 0.00044 ± 0.00011 days (38.0 ± 9.5 s). In Fig. 7 , the distribution of the O-C data together with its sinusoidal TTV can be seen. The parameters of this sinusoidal variation were found to be similar to those determined in von Essen et al. (2013) .
Discussion and Conclusions
This study has given a photometric investigation of the transiting exoplanets TrES-3b and Qatar-1b. The transit light curves covering or partly covering the transit phases for both planets, were used to determine their photometric parameters, which were found to We found a radius of R p = 1.381 ± 0.033R J for TrES-3b and R p = 1.142 ± 0.025R J for Qatar-1b. Although there are similarities in the orbits of the planets, these planets and their host stars have different physical properties (see Fig. 8 ). The most conspicuous differences are in the masses of the planets and the metallicities of their host stars. The mass of TrES-3b is 1.91 M J while that of Qatar-1b is 1.09 M J . These differences put the planets in separate classes when defined by their Safronov numbers. The more massive planet TrES-3b is a Class I planet with Θ TrES-3b = 0.068 ± 0.002, while Qatar-1b is a Class II planet with Θ Qatar-1b = 0.053 ± 0.002.
The transit times and their uncertainties were determined and analysed for possible transit time variations (TTVs). We obtained 12 mid-transit times for TrES-3b and 11 mid-transit times for Qatar-1b, with uncertainties in the range of 24-70 seconds. The linear ephemeris for both systems was improved. We couldn't determine any significant signal from O-C times of TrES-3b; however nearly clear periodicity of Qatar-1b TTV was obtained at a 6.5% significance level compared with the FAP value of 28% for the strongest peak given by Maciejewski et al. (2015) . von Essen et al. (2013) reported TTV periods of 187 ± 17 and 386 ± 54 days with a fitted amplitude of A ttv = 0.00052 ± 0.00020 for first peak. These values are propotional with our TTV period of 83.75 ± 0.48 days. We estimated a TTV amplitude of A ttv = 0.00044 ± 0.00011. This results give us support to result in that there is a perturbing object in the system. After sinusoidal fit to O-C, we improved χ 2 red from 4.5 to 3.9. The reason that we still have a high χ 2 red value, is that the data is spreading out a period of 8 years with σ O−C = 69.1 seconds. We had lowest individual points error of σ O = 16.4 seconds in O-C. At these conditions, to check the existence of new planets in the system, more precise transit times spread over time are needed. As given in the first paragraph of Section 5, time accuracy should be in the order of several tens of seconds at least and data should spread over time in order to discover additional planets in star-planet systems (e.g. Lithwick et al., 2012) .
We collected data from the TEPCat catalogue for exoplanets having orbital radii smaller than a = 0.024 AU to compare planets in general with our targets. As seen in Fig. 8 , WASP-46b has a similar orbit size and temperature to that of TrES-3b, while there are only two known exoplanets, Qatar-2b and OGLE-TR-113b, with similar temperatures, which are closer than Qatar-1b to their host stars. From the mass-radius relation of the planets presented in Fig. 9 , one of our massive planets, TrES-3b, remains near the ρ = 2.0ρ J density curve, and appears rather exceptional in that respect. Qatar-1b, on the other hand, is more similar to Jupiter.
The stellar metallicities, [Fe/H] TrES-3 = −0.2 < [Fe/H] Qatar-1 = 0.2 have raised some questions about the structure of the corresponding planets and their heating mechanisms in the literature Alsubai et al., 2011) . The host star of TrES-3b may have magnetic activity, as mentioned by Christiansen et al. (2011) . While there is no signal of this in our data, it might be investigated again appending much more precise observations extending further in time. 
